The purpose of this study was to evaluate the effects of a 24-month moderateintensity resistive-training intervention on strength and function in older adults. A repeated-measures experimental research design was employed as a sample of 55 apparently healthy, older, community-dwelling volunteers (30 exercisers-25 women and 5 men; 25 comparisons-16 women and 9 men) were evaluated for strength of 5 muscle groups that influence lower extremity movement and physical function. Strength and function were evaluated at 6-month intervals. The findings from this study indicate that a moderate-intensity resistive-training program increases strength in older adults and that the strength benefits are retained for the duration of the intervention. Furthermore, a long-term strength-training program can increase independent-function skills in older adults and might therefore aid in prolonging functional independence.
. Many of the reductions in function skills are related to sarcopenia, which is associated with decreases in muscle strength, power, and flexibility (Kauffman, 1985; Rogers & Evans, 1993) . Recent evidence has shown that short-duration resistive-training interventions can induce significant improvements in stair climbing, getting up from the floor, rising from a chair, and walking speed in older adults (Bean et al., 2002; Brandon, Sharon, Boyette, Anderson, & Stiles, 1997; Brown et al., 2000) . Increased strength could be important for older adults who have difficulty performing some functional tasks such as rising from the floor (Alexander, Ulbrich, Raheja, & Channer, 1997) . Although short-term strength training has been shown to improve physical function (balance, coordination, and mobility) in older adults, the duration of the improvement and the relationship between improvements in strength and function resulting from long-term resistive training are not clear. Therefore, the purpose of this study was to evaluate the effects of a 24-month resistive-training intervention on strength and function in older adults. The hypothesis evaluated in this study was that resistive training would provide improvements in both strength and function and that the function benefits would be retained for the duration of the training intervention.
Methods

PARTICIPANTS
We used a randomized, repeated-measures, controlled-trial research design with two groups-exercisers (EX) and controls (CO)-in this study. The participants consisted of 55 apparently healthy, older (age range 60-86 years), communitydwelling volunteers. We randomly assigned participants to either the EX (25 women and 5 men) or the CO (14 women and 11 men) group. The volunteers were relatively fit because they were actively involved in community activities such clubs, gardening, and walking but were not actively involved in structured exercise programs. The participants were recruited from a computerized participant database maintained by the V.A. Rehabilitation Research and Development Center, through advertisements in newsletters of local senior centers, and by word of mouth when participants told friends about the study. Some volunteers contacted the investigators, and the investigators initiated contact with other potential volunteers. The database included individuals who were 50 years and older, lived in a metropolitan area, and represented both sexes, a range of socioeconomic statuses, and varying health and fitness levels. We needed to contact 231 older adults that met study entry criteria to obtain the 55 (23.8% of those contacted) volunteers who participated in this study. Reasons typically given for not participating in the study were an unwillingness to make a 2-year commitment, having a disability or disease that restricted them, taking medication that was contraindicative for exercise training, having to care for ill family members, or not enjoying exercise.
Institutional human-subject approval was obtained for the study. All participants signed informed-consent forms, completed medical histories, and obtained physician approval to participate in the study. The investigators explained that fatigue, overuse muscle soreness, acute labored breathing, and variations in blood-pressure responses were discomforts commonly associated with strength training. Every effort was made to minimize risks as trained investigators supervised the training sessions. Emergency equipment and personnel were available during the testing and training. Participants on beta-blockers, arrhythmia, hypertensive medications, and other cardiovascular medications that are contraindicative for exercise participation were not included in the study. Eight participants taking medications were excluded from the study. Further exclusion criteria included depression (Beck's Depression Scale score > 17; Gallagher, 1986) , altered cognitive function (Mini Mental score < 24; Folstein, Folstein, & McHugh, 1988) , and cardiovascular diseases, symptoms, or risks including myocardial infarctions, congestive heart failure, strokes, hypertension, and atherosclerosis (American College of Sports Medicine, 2000) . Six participants were excluded for these reasons (one Mini Mental score, two depression, and three cardiovascular disease risks and histories). All of the exclusions occurred during the recruitment phase of the study.
Power calculations were based on mean strength and function values from previously published studies (Brandon et al., 1997 (Brandon et al., , 2000 Pyka, Lindenberger, Charette, & Marcus, 1994) . A power greater than .80 was obtained in this study, because 16 participants per cell provided a power of .82 with a sensitivity of 1 SD at an alpha level of .05.
PRE-AND POSTTRAINING ASSESSMENTS
Muscle groups that influence movement of the lower extremities (plantar flexors, knee extensors and flexors [legs assessed simultaneously], and hip flexors and extensors) were trained and evaluated in this study. Strength was assessed by onerepetition maximums (1RMs) for each of the five muscle groups using a Nautilus multiple-station system and was reported as relative strength (1RM/BW = 1RM in kg divided by body weight in kg) consistent with procedures reported elsewhere (Rantanen et al., 1998) . Because the Nautilus system only includes 5-kg weight increments, increments of 1.1-and 2.3-kg add-on weights were used to increase the precision of the system. Strap-down belts were placed on the participants during the hip-flexor assessment to stabilize the hip area and enhance the hip-flexor assessments. The 1RMs were evaluated in the EX group at 4-week intervals for the first 6 months. After the initial 6-month training phase, 1RM/BW and function were evaluated every 6 months for the remainder of the 24-month study, and 6-month assessments were used for the analyses in this article. The 1RM values at the different assessment intervals were used to update the individual exercise-training prescriptions during the intervention. The CO group were asked to not change their exercise patterns during the training intervention and were evaluated for strength and function at baseline and at 6-month intervals during the intervention.
Evaluation of function in this study included tests of balance (functional reach), mobility (timed up and go [TUG] , walking up and down stairs), and coordination (floor rise). The TUG required a participant to rise from a chair, walk around a cone 10 ft away, walk back to the chair, and sit (Podsiadlo & Richardson, 1991) . Floor rise required the participants to rise from a supine position on the floor to a stable standing position (Alexander et al., 1997; Brandon et al., 2000) . To simulate daily activities of taking items into the house, going up and down stairs required the participants to walk up and down a flight of eight stairs with a 2.3-kg weight (Reuben & Siu, 1990) . The participants were asked to perform the tasks quickly, but safely, because scoring was based on the time required to perform the tasks. Functional reach required the participants to stand with a shoulder near a wall and to reach forward as far as possible without losing balance (Duncan, Weiner, Chandler, & Studenski, 1990) . The scoring of these tests was based on the time required to perform the tasks for all of the items except for reach, which was based on distance in inches.
BODY-COMPOSITION ASSESSMENTS
Body composition was estimated from skinfolds, and the Jackson, Pollock, and Ward (1980) and Jackson and Pollock (1978) equations were used to estimate body fat in women and men, respectively. Procedures recommended by Lohman, Roche, and Mortorell (1988) were used to measure circumferences and skinfolds. The relationship between thigh skinfolds and thigh circumferences was used to estimate changes in thigh-muscle mass during the 24-month training intervention.
STRENGTH-TRAINING INTERVENTION
The intervention consisted of strength training and flexibility exercises. The training sessions were held 3 days a week for 1 hr during the first 6 months. After the first 6 months, the participants were required to attend twice a week but were allowed to attend all three sessions. Each participant was required to attend a minimum of 70% of the training sessions (based on 3 days a week the first 6 months and 2 days a week after that) to be included in the data analysis.
Strength training was completed on a multistation Nautilus unit consisting of 11 exercise stations. The participants completed three sets of 8-12 repetitions per exercise. Moderate intensities of 50% (Set 1), 60% (Set 2), and 70% (Set 3) of 1RM values were used in this study. The decision to use moderate intensities was based on the fact that the selected percentages should be sufficient to improve strength and at the same time ensure the comfort and safety of the participants. Each 1-hr session consists of 50 min of strength-training exercises and 10 min of flexibility and cooldown exercises. The flexibility exercises included the upper body (arms, shoulders, and neck), trunk (lower back), and lower body (hips and legs). Each stretch was slow and static and was held for 30 s with no bouncing. The flexibility and cool-down exercises aided in preventing muscle soreness. Resting and recovery heart rates and blood pressures were measured during each session to ensure appropriate physiological responses to exercise. Ratings of perceived exertion (RPEs) as expressed by the participants and subjective instructor observations were collected after each exercise to further ensure the safety of the participants. The research staff was trained in CPR, and a fully trained medical staff was available in the facility in the event of a medical emergency.
STATISTICAL ANALYSIS
Initially, means and standard deviations were calculated for all of the data. Physical function and strength responses were evaluated for differences between the EX and CO over time using repeated-measures ANOVA and Scheffé post hoc tests. The mean strength for all five muscle groups was computed, as well as the mean of the function tests that were evaluated by the time needed to complete the task. To better understand the pattern of the strength and function tests, percent change was computed from the means for both strength and function. Only participants with complete data sets for a 6-month test period were included in data analyses; variables with missing values were omitted from the analyses.
Results
The physical characteristics of the EX and CO participants are presented in Table  1 . The combined EX and CO groups were not different on any of the physicalcharacteristic variables. Both the EX and CO groups consisted of more women than men, but the patterns of strength and function responses were similar for both sexes, so combined data were used for the analyses in this study. Six EX volunteers dropped out during the training intervention, 2 because of illness, 1 because a family member became ill, 1 moved to another city to be with family, and 2 were no longer interested in continuing. Five CO-group members dropped out during the training intervention because they decided not to return to the lab for further tests. All of the other participants met the requirements for inclusion in data analyses.
Repeated-measures ANOVA revealed significant time and group effects and significant interactions for the individual strength tests of the two groups over time. The strength of the EX group increased, whereas the strength of the CO group did not change. Post hoc tests revealed that the EX had smaller baseline values than the CO for each of the strength variables (Tables 2 and 3 ). During training, the relative strength of all muscles of the EX increased significantly (p < .05) during the 6-month assessments, and the increases were retained for the duration of the training intervention. Thus, the relative strengths of the EX and CO were not different from 6 months until the end of training.
Further ANOVA analyses revealed that there was a significant time and group effect (p < .05) and a significant group and time interaction for two mobility tests (going down and up stairs) when the function tests of the EX and CO were compared. The Scheffé post hoc test showed that the interaction occurred when the up-stairs and down-stairs ability of the EX participants improved (p < .05) at the 6-month assessment and up-stairs ability continued to improve (p < .05) at 12 months (Tables 4 and 5 ). There were no changes for the CO during the intervention period. There were no changes in either balance or coordination performances for the EX or CO participants during the training intervention.
The EX participants had higher baseline body-fat, thigh-skinfold, and thighcircumference values than the CO participants (Tables 6 and 7 ). There were no changes in any of the variables for either group during the training intervention. Because the thigh skinfolds and thigh:circumference ratio did not change during training, the increases in strength were caused by factors other than increases in muscle mass.
To determine the trend for all lower extremity strength and function measures during the training intervention, means for the strength and function tests were computed. The percent difference of the means over time was evaluated for differences. The results revealed significant time and group effects and significant interactions for both strength and function. The EX experienced a 28% increase in mean strength at 6 months, and mean strength remained between 33% and 36% above baseline for the duration of training. The EX increase in mean strength was significantly greater than that of the CO group from 6 months until the conclusion of training (Figure 1 ). Walking down a flight of 8 stairs with a 2.3-kg weight.
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Rising from a supine position on the floor.
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Table 5 Functional Tasks and Flexibility Responses for the Control Group Over 24 Months
Baseline, 6 mos, 12 mos, 18 mos, 24 mos, n = 25 n = 21 n = 20 n = 17 n = 15 Walking down a flight of 8 stairs with a 2.3-kg weight.
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Table 6 Body-Composition Responses of Older Adults During 24 Months of Resistive Training
Baseline, 6 mos, 12 mos, 18 mos, 24 mos, n = 30 n = 29 n = 27 n = 24 n = 24 The EX experienced a 10.5% increase in mean function performance for assessments at 6 and 12 months, and the increased mean function was different from mean baseline and CO function at these assessment periods (Figure 2) . The mean EX function performance demonstrated a declining trend from Month 12 until the end of the training intervention but was better (p < .05) than that of the CO participants during these time periods. When the individual function tests were categorized as balance, coordination, and mobility and evaluated for improvement based on percent differences, only mobility improved (Figures 3, 4 , and 5). 
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Discussion
This study was designed to evaluate the effects of a 24-month resistive-training intervention on strength and function in older adults. The results indicate that resistive training improves both strength and function in older adults, but the pattern of improvements is different. There is greater improvement in strength than in function, and the strength improvement lasts for the duration of the intervention. This finding that both individual muscle-group and mean strength increased is consistent with results published by Morey et al. (1996) but different than the pattern reported by McCartney, Hicks, Martin and Webber (1995) . Morey et al. investigated older adults who strength trained 10 min a day, 3 days a week at a regimen of low (unspecified) intensity for a 24-month period. Their results demonstrated a pattern of strength gains during the first 4 months, but from Months 4 to 24, no further strength gains were observed as the participants either maintained or lost slightly. McCartney et al. (1995) and McCartney, Hicks, Martin, and Webber (1996) , on the other hand, found that strength rose for the duration of a 2-year study. Their protocol was different than that of the present study, however; the initial resistance of their participants was 50% of their 1RM, and the resistance increased to 80% of their 1RM by the conclusion of the intervention. Changes in their resistance might explain why their participants increased for the duration of the training intervention.
The hypothesis evaluated in this study, that resistive training would improve both strength and function and that the function benefits would be retained for the duration of the training intervention, is partially accepted. There was improvement in both strength and function, but the improvements in the individual function tests did not last for the duration of the training intervention. The difference in the strength and function responses to resistive training might reflect the fact that strength is one of several factors that influence function (Miszko et al., 2003; Slade, Miszko, Laity, Agrawal, & Cress, 2002) .
The inability of older adults to exert existing muscle strength in a timely manner greatly influences their risk of falls and function capability. Resistive training increases muscle power and the rate at which older adults can use available strength, thus improving function. Power training is more effective in improving function in older community-dwelling adults than strength training is (Miszko et al., 2003) . Increases in function in strength-trained older adults have been found to be associated with improvements in anaerobic power (Slade et al., 2002) .
The baseline differences between the EX and CO for individual muscle groups in this study appear to be caused by the fact that the EX group was composed of 83.3% women, whereas the CO group was composed of only 56% women, and the men had higher relative strength values than the women. This finding was consistent with findings for older adults reported by McCartney et al. (1995) , who found that older men were approximately twice as strong as older women. When the EX and CO samples were compared based on sex, they were not different at baseline.
The participants in this study were relatively fit; their baseline strengths for individual muscle groups were similar to baseline values reported by Brandon et al. (2000) for muscularly fit older adults. The training intensity for the EX group was moderate (50-70% of 1RM). Strength increased the first 6 months but did not increase further after 6 months. The 6-month assessment coincides with the time when the EX participants were allowed to change their weekly training frequency from 3 to 2 days a week. Fifteen of the participants continued to train 3 days a week; the EX group trained an average of 2.6 days a week for the duration of the training intervention. There were no differences between the strength of those who trained 3 days and those who trained 2 days a week from Months 6 through 24. This is consistent with findings of Taaffe, Duret, Wheeler, and Marcus (1999) , who concluded that when training at the same intensity, similar increases in strength were observed in older adults who trained 1, 2, or 3 days a week. Therefore, changing the number of training days during the week did not appear to be responsible for strength stabilizing and not increasing after 6 months in this study.
Mixed results were observed for the function tests in this study. The EX group's ability to walk up and down stairs improved, and the improvements were sustained through 12 months of training. Up-and down-stairs performances decreased from 12 months to the end of the intervention, but the values at the end of the study were above baseline. Improvements in walking up and down stairs might be partially explained by results reported by Startzell, Owens, Mulfinger, and Cavanaugh (2000) , who concluded that ascending and descending stairs requires more lower extremity strength than many other activities of daily living. The strength gained by the older adults in this study could explain why these function tests improved. There were no improvements for any of the other function variables for the EX group, and there were no improvements in the CO group for any of the function tests.
The finding for the TUG test in this study is different than that observed by Chandler, Duncan, Kocherberger, and Studenski (1998) for chair rise. They found that strength training improved chair-rise performance. The differences between the present study and the Chandler et al. study might result from the fact that the TUG test required the participants to rise from a chair and walk 10 ft and back to the chair, whereas Chandler et al.'s participants simply rose from the chair.
Floor rise involves a series of complex movements that requires coordination of the various movements (Alexander et al., 1997) . Because strength is only one of a number of factors needed for success and might have been sufficient for floor-rise performance before the intervention, it is not surprising that the floor test did not improve. Although the reach test is a balance test, as does the floor test it involves the coordination of a number of body segments, which might also explain why it did not improve during training.
When all the function tests (except reach) were combined and evaluated for percent change over time, the pattern of response illustrated that the percent change in the function of the EX was greater than that of the CO (p < .05) from 6 months through the end of the training intervention. The mean of the function tests improved 10.5% during the 6-and 12-month assessments, however, and there was a trend toward a reduction from 12 months to the end of training. The mean of the EX function tests was only 1% above baseline at the conclusion of the 24 months of training. The smaller increases for mean EX function compared with mean strength tests might have resulted from the fact that the individual baseline function-test values were high and possibly near a function ceiling. The response pattern in the present study for the mean function was consistent with the pattern reported by Morey et al. (1996) in a 5-year training study. They reported that physical performance demonstrated a gradual improvement for 2-3 years and then declined during the last 2 years of the study.
In conclusion, the findings from this study indicate that a moderate-intensity resistive-training program increases strength and function in older adults. Increased strength was observed for both individual muscle groups and the mean of all strength measurements. The increased strength in the individual muscle groups indicates that training can be targeted to improve strength in specific body locations in older adults. These results also indicate that strength gains are retained for the length of training or for 24 months, as was the case in this study. The benefits for strength are greater and longer lasting than for function. The mean of the function tests for the exercisers increased during the first 12 months of training and remained greater than baseline and than that of the control participants for the duration of the intervention. Although further validations of these data are needed, these findings suggest that a long-term strength-training program can increase independentfunction skills in older adults and might therefore aid in prolonging functional independence. Future studies of this nature should include resistive training for older participants who are more frail and clearly do not possess easily reachable ceiling effects in function.
